Various deposition or surface modification techniques (especially the atomistic deposition processes by which surface films or surface layers of the most diverse composition and structure may be formed) have further enhanced interest in ceramic materials. Manyof these films or layers are of materials which do not exist in the bulk state.
There is a great opportunity to choose surfaces or surface layers with clearly specified strength and surface properties (refs. 6 and 7).
The objective of this paper is to review the adhesion, friction, and micromechanical properties of ceramics, the effect of surface contaminant films, the effect of temperature, and metal-to-ceramic interactions. Both monolithic ceramics and thin ceramic coating films will be discussed.
Their tribological behavior involves manyfeatures similar to those of metals. Analogies with metals will be madewhere applicable.
ADHESION ANDFRICTION Clean and Contaminated Surfaces
The surfaces of ceramics usually contain, in addition to the constituent atoms, adsorbed films of water vapor or hydrocarbons that may have condensedfrom the environment. Under the foregoing conditions, friction is a function of the shear strength of the elastic contact area, as indicated in figure 5 Whena much higher contact pressure is provided, ceramics behave in a brittle fashion ( fig. 5(c) ). This subject will be discussed in the section Meancontact pressure (yield pressure) P during sliding may be defined by P = N/As; N is the applied load and As is the projected contact area given As = _D2/8. Only the front half of the pin is in contact with the flat. The yield pressure over the contact area gradually increases until deformation passes to a fully plastic state. The mean contact pressure at a fully plastic state Pm increases by a factor of 2 with the presence of boron nitride film.
Whenthe load exceeds a certain critical value, the sliding action of diamondon the monolithic silicon carbide and on the boron nitride film causes fracture in both specimens.
Fracture
Whena much higher contact pressure due to highly concentrated stress in the contact area between the diamond and silicon carbide is provided, the sliding action produces gross surface and subsurface cracking as well as plastic deformation (ref. 23). Under such conditions, wear debris particles and large fracture pits caused by cracking are observed. The area of a fracture pit is a few times larger than that of the plastically deformed groove. In this case, the coefficient of friction is also much higher (four times or more) than those in elastic and plastic contacts.
(See fig. 5 fig. 7(f) ).
The behavior of acoustic emission is related to that of friction force. For example, at point I in figure 7(e) and (f), the diamond rider comesto rest until the point II is reached. At point II, the rider is set into motion and slips, and will continue to moveuntil point III is reached. At point II, acoustic emission is released because the slip action produces fracturing at the interface between the boron nitride film and the substrate. At point III, the rider comesto rest again. Thus, fracture in the film and at the interface between the boron nitride film and the substrate is responsible for the observed acoustic emission signal output and friction behavior.
Acoustic and friction measurementsof the critical load required to fracture a ceramic film on a substrate agree well with those detected by optical and scanning electron microscopy of the scratches. •O5 The adhesion, friction, and micromechanical properties of ceramics, both in monolithic and coating form, are reviewed. Ceramics are examined in contact with themselves, other harder materials, and metals.
For the simplicity of discussion, the tribological properties of concern in the processes are separated into two parts.
The first part discusses the pull-off force (adhesion) and the shear force required to break the interfacial junctlons between contacting surfaces. The role of chemical bonding in adhesion and friction, and the effects of surface contaminant films and temperature on tribologicai response with respect to adhesion and friction are discussed.
The second part deals with abrasion of ceramics.
Elastic, plastic, and fracture behavior of ceramics in solid state contact is discussed.
The scratch technique of determining the critical load needed to fracture interracial adhesive bonds of ceramic deposited on substrates is also addressed. 
